  Abstract-This paper discusses the role of context in making recommender systems for digital libraries. It first introduces different types of recommender systems then discusses the role of context in making recommendations for users searching in digital libraries. This study highlights the important role of context and the need for more investigation on context-aware recommender system since exploiting contextual information in recommender systems is an effective approach to create more accurate and relevant recommendations. The article stresses the need for qualitative research on the subject in order to find out the elements that constitute the context from the users' viewpoint and the way a context-aware recommender system could be effectively designed. Past studies seem to have failed to survey on enough attention to the role of context in designing recommender systems for digital libraries.
I. INTRODUCTION
Today, access to useful and relevant information is a prevalent problem due to information overload [1] . Recommender Systems (RSs) are a special class of personalized systems that aim at predicting a user's interest in available products and services by relying on information seeking behavior and previously rated items or item features [1] . On the whole, they are mainly intelligent applications, created to support users by personalized recommendations in search process and their decision-making while interacting with large information spaces.
RSs are used in digital libraries, electronic stores, travel tours, restaurants, hospitals and in general can be useful in any decision-making process to provide predictions of appropriate items to specific users [2] . Moreover, dramatic increase in unorganized information on the web has made such systems a prerequisite for the information seeking on the World Wide Web. A study of 96 RSs by Rao and Talwa [3] showed that RSs have been developed in various domains including web recommendation application, movie/TV, information/document recommendation, Usenet news recommendation, information filtering and sharing, music recommendation, restaurant recommendation application, Manuscript organizational expertise recommendation, personalized newspaper domain, e-commerce application, travel recommendation, electronic catalogue item recommendation, learning resources recommendation, Web search and filtering, virtual fair recommendation, jokes recommendation, and image RSs. Also a taxonomy and comprehensive explanation of elements in recommender agents on the Internet has been provided by Montaner, Lopez and De la Rosa [4] .
During a commercial interaction, RSs have advantages for both customers and merchants. For example, in a business interaction through the online shopping, RSs recommend customers items so help customers to find their favorite items among an overwhelming number of items in an electronic department store; therefore RSs can facilitate and accelerate shopping for users. Also, merchants proffer their products and hereby they can increase their sales and customers satisfaction by offering the new and preferable items.
Similarly, in a digital library, RSs can manage information overload by helping users to choose appropriate information items from a large set of alternatives [5] . Information users normally favor recommendations. Traditional library users tend to check the returned books basket and choose from the returned books assuming that those books that had been read by others are more likely to be good. This could be considered some sort of recommendation. Past research has shown that scientists also find a considerable number of papers they read through recommendations made by their colleagues.
RSs can help overcome information overload problem by exposing users to interesting, novel, surprising and relevant items [7] , [8] based on preferences users have expressed either explicitly or implicitly [9] . They can introduce users to new items that have not been known or have not been retrieved. Hence recommendations can assist users in meeting their information needs [10] . From the appearance of RSs as an independent research area in the mid-1990s [11] , [12] , many studies have been done on RSs in different domains [13] . Several studies have been done on them due to their effectiveness and performance in difference applications [14] however the issue of creating more accurate and relevant recommendations for users is still open and significant [15] , [16] . In recent years, studies on RSs have been actuated to use contextual information such as location, time, and task in order to make more relevant and personalised recommendations [11] , [12] . In this article, we first introduce different types of RSs and their weaknesses and strengths. Then we discuss their applications in digital libraries with regard to some of the definitions of digital libraries. Finally, we shall discuss the role that context can play in designing RSs for digital libraries. Approaches which are used for making recommendations by RSs are mainly based on people's real behaviors in daily life.
RSs provide recommendation via different approaches, but the most common systems fall into three main classes: Collaborative Filtering, Content-Based, and Knowledge -Based. There is another class that is a combination of two or all of these three approaches and is called Hybrid. A classification of RSs research based on their approaches was provided by Adomavicius and Tuzhilin [17] . In the following, we briefly describe recommending approaches.
Collaborative Filtering(CF): CF approach is the most common approach for creating recommendations [14] . CF is based on the premise that users looking for information should be able to make use of what others have already found and evaluated. So collaborative filters support users to choose based on the opinions and preferences of other users, it can be used to facilitate links between users with similar interests [18] .
CF approaches employ users' behavior similarities and users' functional patterns to create recommendations [19] , [20] . In these approaches, statistical analysis and modeling are made by data mining in databases, browsing and controlling of users' behavior, items ratings by various users, survey of users history and interest profiles. The ratings which are given to items have obtained either explicitly from users or implicitly from observations of users' behavior [18] , [21] . As mentioned, in CF approach users behaviors and history of their preferences are monitored and recommendations are offered to new users by finding the nearest neighbors [20] , [21] . The nearest neighbors are more similar to new user. New user who receives recommendations is called "target user". We explain it by a simple example; as shown in Table I , both User 2 and User 3 have bought (or have read) Book 2 and Book 3. So they are similar users or so-called "User 3 is in the neighborhood of User 2". Therefore book 5, which had been selected by User 2, may be a good recommendation for the User 3 with the probability that Book 5 is User 3's preferences or interests. Studies showed that CF approach is a critical approach in many RSs inasmuch as they lead to increment of quality of recommendations. In CF, preferences of identified users are leveraged to similar users [22] . CF approaches are often classified into two categories as Memory-based and Model-based. In the Memory-based CF approach, RSs make recommendations using all rating data retained in the memory [18] , [23] . So the similarities between users are identified by memorized rating and the required predictions are computed on demand. In contrast to the Memory-based approach, in the Model-based approach, RSs use historical data to make models capable of predicting the ratings for items that a new user has not rated before. So, similarities between users are identified by designed models such as clustering models and statistical models.
Content-Based(CB): The root of CB approach can be stemmed back to Information Retrieval (IR) [20] . In the CB approaches, similarities and relations between items in a database are identified by cataloging, content analysis, keyword identification and tagging and then recommendations are made based on semantic relations between the content of the items and the preferences that a user has expressed in the past [24] .
CB approaches focus on finding correlations between content of items as opposed to correlation between users as is the case in CF approaches. CB approach is employed where the items can be evaluated (or rated) by keywords such as textual documents and web pages (HTML) [18] , [20] . Recommendations are often made by comparing users' profiles and their preferences with keywords generated through content analysis of documents. User's preferences can be identified implicitly or explicitly. In the explicit method it is necessary to evaluate documents with a specific criterion. In the implicit method user's preferences are obtained by observing user behavior [20] . While the latter is more favored by users, its implementation is more difficult. Porter-stemmed Term Frequency/Inverse Document Frequency (TF/IDF) is one the most common and well-known CB filtering methods. In this method the full-text of a document is used in order to generate recommendations. In TF/IDF the frequency of stemmed words is counted and compared to the entire corpus then recommendations are created by matching the items with the important keywords. As mentioned before, information retrieval fundamentals are core of the CB approaches such as TF/IDF [18] .
Knowledge-Based (KB): The third approach is KB approach that employs knowledge about users and products (items) to generate recommendations. So RSs offer recommendations based on the knowledge of user's needs and items [25] . KB systems use knowledge analyzing methods such as Neurotic networks, fuzzy-genetic algorithms, decision trees, and case base reasoning [26] . The case base reasoning method is the most prevalent method for knowledge analyzing [27] .
Hybrid: According to studies, each of the above mentioned approaches has its strengths and weaknesses [27] - [30] . A CF system collects more ratings from more users; this increases the probability of someone in the system being a good match for any given new user [30] . However, a CF system must be initialized with a large amount of data, because a system with a small base of ratings is unlikely to be very helpful. Further, the accuracy of the system is very sensitive to the number of rated items that can be associated with a given user [28] . Therefore, CF approaches can be useful provided a superabundant number of users' behaviors has been identified as well as an adequate number of rated items has been accounted [30] .
In CB approaches some problems may occur. Typically, until user has not rated many items, useful clustering cannot be generated for recommendations. In this situation, some systems employ the nearest-neighbor's ratings for the new user to overcome this problem although the system have not offered any recommendations because the recommendations have been based on ratings it has not a particular user ratings [24] , [28] . Besides, CB approaches are extremely dependent on the content and if the content does not contain adequate information to distinguish items the user prefer from items the user does not prefer, no helpful recommendation can be made [31] .
In KB RSs, the above problems do not exist as the generation of recommendations does not rely on user ratings and also information gathering about a particular user is not necessary [27] , [32] .The KB approaches rely on knowledge obtained about items and users [30] . As it has been noted, in this approach knowledge is acquired using some analytical methods such as decision trees and fuzzy-genetic algorithms. Due to these distinguished characteristics, KB RSs are valuable and supplementary to other types of RSs [27] .
Since each approach has some shortcomings, some RSs' designers employ a Hybrid approach which is the combination of two or more approaches mentioned above. The Hybrid approach is utilized to decrease the limitations and increase the system efficiency. It is necessary to mention, CF is the main method which is combined by other approaches in the Hybrid approach [28] .
III. RSS IN DIGITAL LIBRARIES
Today, people have most of their needed information at their fingertips. Users usually input keywords to retrieve desired information but studies have showed that the retrieved results are not always what they expect [33] . Therefore, some tools like RSs have been developed to support users in information seeking and decision making [34] . They recommend appropriate resources or suitable services to users based on their interests and preferences [35] .
RSs in digital library can assist members who are not familiar with search tools, strategies or are unable for any reason to retrieve satisfactory results, hence RSs can be an assistant or adviser for users in digital library as a librarian and hereby they can facilitate and accelerate the search process. Besides, RSs can be useful in other parts of library services, such as collection acquisition and library materials selection. For instance, director of library can provide materials for users based on the recommendations created by RSs because recommendations represent the users' preferences and interests.
The way we define a digital library has a fundamental impact on design of RSs since the services, goals and users' information seeking vary in different library contexts.
Since 1990s, the term of library has been accompanied by various terms such as digital, electronic, virtual, online, cyber accordingly various definitions have been emerged while it seems that these terms have been used synonymously and there is no significant difference between them [36] . Between 1972 and 1995, Howard D. White and Kate McCain's [37] reviewed and analyzed the structure of the information science discipline. The results showed that many new areas such as information retrieval and user-system relationships; bibliometrics; automated library systems and online catalogs; science communication; and user theory have been appeared in information science discipline which the new researches on digital library have originated from here [38] .
Several definitions have been posed by authors such as Arms; Fox; Lesk; Tedd and Large [39] . The definitions have been derived from different perspectives such as; Computer Science, Library and Information Science, Commercial Enterprises, Politicians and Governments perspectives. We indicate three definitions of digital libraries in following. We discuss three definitions here and give the features of digital library in order to design an applicable RS for users.
The first definition is one of the most cited definitions which stated by "Digital Library Federation (DLF)" and is avilable at the DLF site (1998). In the this definition, digital library has been considered as an organization which promises to prepare various services for users regardless of users' differentiation while indicates that "Digital libraries are organizations that provide the resources, including the specialized staff, to select, structure, offer intellectual access to, interpret, distribute, preserve the integrity of, and ensure the persistence over time of collections of digital works so that they are readily and economically available for use by a defined community or set of communities".
From a Library and Information Science perspective, Christine L. Borgman [40] points out: "Digital libraries are a set of electronic resources and associated technical capabilities for creating, searching, and using information. In this sense they are an extension of information storage and retrieval systems that manipulate digital data in any medium (text, images, sounds; static or dynamic images) and exist in distributed networks". She mentioned that "data that describe various aspects of the data and metadata that consist of links or relationships to other data and metadata are considered the content of digital libraries"
And finally the third definition has been indicated from the Computer Science point of view by William Y. Arms where he illustrates "In computing terminology, a distributed system is a group of computers that work as a team to provide services to users. Digital libraries are some of the most complex and ambitious distributed systems ever built. The term "digital libraries" covers the creation and distribution of all types of information over networks, ranging from converted historical materials to kinds of information that have no analogues in the physical world" [36] Indeed digital libraries are complex information systems, under evolution and development, and their acceptance by users is of critical importance to ensure their correct evolution. The success of digital libraries depends increasingly on their ability to provide differentiating features and value-added services for their users [35] . Hence, for making useful recommendations, we need first know that what users really want and expect a digital libray and its services. For instance, Ackerman & Mainwaring stated that because of users' privacy issues, users and are not eager to use RSs in digital libraries [41] . So for desinging RSs, we require to explor the contexts that users are seeking infromation and clarify which context is useful for making recommendation, when and how it can be applied.
IV. THE ROLE OF CONTEXT FOR RECOMMENDATIONS
Many disciplines are involved in creating recommendation systems including Computer Science, Social Science, Cognitive Science, Business Science, Linguistic Science, Information Science and other related fields which make such systems an interdisciplinary research area [16] . At present, contextual information has been employed as a main source for the accuracy of predictions in RSs [42] . Several studies have shown that using contextual information in making recommendation can increase the performance of RSs [11] , [ 17] , [43] .
Some studies emphasize on contextual information for creation of recommendation versus classical approaches or non-contextual approaches such as CF, CB and KB [44] . Recently, contextual information modelling has been applied to improve classical recommendations in order to determine the status of status of people, places, objects and devices in the environment and improve the accuracy of recommendations. However, identifying and applying valid contextual information for different domains and users are challenges that should be addressed [45] these challenges have become a paradigm shift in recommending approaches in the recent years [16] .
What is contextual information?
In everyday life, when people communicate with each other, they can comprehend a lot of emblems of their situations implicitly or explicitly. While people perceive emblems through an interaction, they analyze and interpret them, compare and interlace to their suppositions, pre-knowledge and pre-imageries then conclude and react verbally or nonverbally whereby they can bandy their ideas. These emblems, so-called "context" and application that utilizes context to provide relevant information to users, called Context-Aware Application. The term "context" emerged in computer science in the late 1980s [46] , and the idea of context awareness in computing was introduced by Schilit in 1994 [47] . When people interact with computers, they expect to encounter proper reactions from computers, unfortunately computers are not able to retort as human. Therefore, it is required to simulate human-computer interaction like human interaction as far as possible. From Dey's view, computer's access to context is led to increase in the richness of communication subsequently it provides more useful computational services [48] . Similar to digital library, many definitions have been proposed for the context from many viewpoints and there is not yet any consensus on what exactly context is [11] . For example, Bazire and Bré zillon [49] tried to identify the main components of the context on the basis of the analysis of a corpus of 150 definitions coming mainly from the web in different domains of cognitive sciences and close disciplines. They analyzed the definitions and concluded that all definitions can be presented by parameters such as constraint, influence, behavior, nature, structure and system. They mentioned that it is not easy to present an unanimous definition of context since context is very ill-defined concept however they try to propose a model of context presenting the components of a situation (where the context is considering) and the relations and links between the components (see Fig. 1 ). Fig. 1 . Context model presented by bazire and bré zillon [49] .
Here, we mention a few of the definitions that could be helpful for our discussion on context-aware RSs.
Schilit & Theimer [50] define the context as location, identity, nearby people and objects. In a similar definition by Brown, context constitutes of location, identity, nearby people and objects and Season. In another definition, Pascoe [51] indicates that context respond to the following questions: Where are you? Who you are with? What resources are nearby?
One of the most cited definitions from a computer science viewpoint was offered by Dey and Abowd [52] . They express that the context is "any information that can be used to characterize the situation of an entity and they categorized the context into four dimensions: location, identity, time and activity". In Dey and Abowd's definition there are two context levels: primary contexts which are four mentioned dimensions and secondary contexts gained from primary contexts. Many pieces of related information such as phone numbers, addresses, email addresses, birthrate, etc. can be acquired from an entity's location. This information that is acquired from primary contexts is numerated as secondary contexts [52] .
What is contextual information in digital libraries?
To clarify the above question, imagine the following scenario;
Two users refer to librarian and ask resources about "Urban Traffic". One of them is undergraduate student and needs information for his assignment and the other one is graduate student and needs resources for writing a research project. The first user seems nervous and worried and the second user who has stood on the corner of library works at a Construction Company. Besides, the library is very crowded and librarian is too busy. She has to answer other users by telephone simultaneously. Considering the mentioned scenario: 1) What should the librarian do in this situation? 2) What resources does the librarian recommend to these users? 3) How does the librarian find the most appropriate resources for each of them? In traditional libraries, librarians mostly try to match resources to users' queries or needs based on their knowledge and familiarity with a broad range of library resources. Sometimes, they have to obtain more information about users to find the exact users' information need such as their activity, task, background knowledge, experiences, topic, and purpose as well as conditions like time, location, situation, identity, and accessibility since some people cannot express their exact needs or do not ask for what they really want.
Obviously, the sources which are proposed by librarian to the above mentioned users are not necessarily similar because of their goals and other factors such as their background knowledge. Moreover, physical conditions and the environment where the interaction occurs play a substantial role in a successful interaction. A friendly, attractive environment will attract users and more questions with enthusiasm on the contrary a dark, crowded or unfriendly environment may repulse users.
People can perceive such factors directly or indirectly from surrounding or the situations they are but in digital environments, the users' situations cannot be understood easily because there is no face to face interaction. Moreover, computers are not able comprehend users' situations as similar as that occurs in real interaction and accordingly, these factors can be ignored while they have a considerable influence on a successful interaction between user is seeking information and system.
In interaction between users with digital library, RS can play the role of librarian in order to recommend right resources to right users therefore they not only need to be aware of users' contexts but also they should be aware of the problems which user is seeking information to solve them.
V. CONCLUSION
It seems that trying to reach a consensual definition for context which is applicable for all domains is an ineffectual effort because context is a concept from the real world and it is impossible to delimit its territories by giving a certain definition [16] .Moreover, people comprehend phenomena by an interpretive understanding which is dependent on the contexts they are. Hermeneutic theory widely discusses that contexts change the epistemological criteria because context evokes different impressions in each reader therefore some researches have mentioned that context is a dynamic theorem [53] . Hereby, two questions spring to mind: 1) How should we design and develop context-aware applications in different environments in order to ensure their applicability and usefulness for users? 2) What contexts should we consider in designing and making RSs in digital libraries? Because of differences in the nature of interactions in different environments (e.g. academic digital libraries, e-shopping etc.), the question of context in RSs or other applications should be addressed in their own environments where they are used by their own users, also they need to be aware from users and their needs.
Several studies have used contextual information for enhancing recommendations in digital libraries [54] ; however, not much progress has been made in the design and implementation of context-aware RSs for digital libraries and this area requires more deep investigations and studies in order to develop a real and tangible view to digital library services and their users [55] , [56] . It seems that the lack of considerable progress of context-awareness in library services stems from two main issues:
First, the concept of context varies in different domains and requests separate studies on exploring the context in different systems such as digital libraries, E-learning, tourism. In most context-aware studies, context has been regarded as a general view and this indicates that studies have been done on context-aware RSs without a deep understanding of context. Besides, users have different seeking behaviors. Therefore, the concept of context in RSs should be demarcated in their own domains where they are used by the end users [57] . McNee [30] argued that users estimate information needs and formulate judgment criteria in their minds. Hence, in order to build relevant, useful, and effective recommender systems, the validity of contextual information through the eyes of users ought to be evaluated. Moreover, deep exploring of context in various applications may lead to a unified model as will be customizable for all applications regardless of their functionalities in the future. They all cause enhancing interactions between users and digital libraries.
The second issue is related to the research approaches which somehow addresses the above-mentioned issue.
Researchers can obtain an in-depth understanding of user needs and their contexts by qualitative methods such as Ethnography, Grounded Theory, Discourse Analysis, Sense Making and other qualitative research methods. Qualitative research methods help researchers to understand people and the social and cultural contexts within which they live [58] . For enhancing the context-aware services, researchers now need to address questions such as: What does the user want? What is the user's problem? How has this problem formed? How does the user overcome the obstacles? What image does the user have of her or his situation? Finally, what type of assistance can the application offer to users in this situation? Qualitative research methods can answer such question as they emphasize on exploring a problem from viewpoint of its particular users in its particular context.
Generally, in development process, interdisciplinary concepts such as context are interpreted, analyzed and developed as well as evaluated by a technical insight or system oriented perspective which delimits human concepts to the technical knowledge capacities hence the users and their needs are formed or restructured base on the technical point of view. Ultimately, when users interact with context-aware applications, they do not feel comfortable give up using just because this is not what they want.
Finally, in our daily lives, we mostly accept and apply recommendations from people who are expert or at least we know them. Users interacting with RSs cannot easily accept the presented recommendations. They expect to receive useful recommendations from wise recommender so that they assume human personalities for RSs [30] . RSs can embed different personality characters in recommending such as considerate, risky, sensitive, temperamental, reasonable and stupid [56] . For example, if the system recommends romantic books to users while they are not interested or cannot understand any reason behind the recommendations, they may explains RS as a "helpless lover" [30] or if they constantly receive irrelevant recommendations, they assume that the recommender is stupid. The important issue is that they cannot trust RS as we cannot trust someone who gives us poor recommendations.
